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Synthetic Nucleosides and Nucleotides. XV.'> 5-Dimetiiylanuno.2- 
oadoisoquinolin-l-yl Diazomethane: A Novel Water-soluble 
Fluorescent Labelling Agent for Nucleotides 

• •- Shigeko NisHiMURA and Mineo Saneyoshi 

Faculty of Pharmaceutical SeicHces, Hokkaido University') 
(Received October 25, 1979) 

n,.f^r,°°7x^ fluorescent labelling agent, 5-dimethylaniino-2-oxidoisoqninolin-l-vl diazo- 
' T 'ened and synthesized for the fluorescent labeUing of the phosS 
mwety of nucleotides and nucleic acids. Starting from l-cyano-5.ni^soquiS M) 

SS^tion'S^sTh" "f.''* '^"^ hvdr^hroric aiS: 

^l!^?^ V- ^*^,.°»''">'"«>l w the presence of sulfuric acid afforded l-methoxv- 
«rbonyl-o-nitroisoqu.nolme (6). Catalytic hydrogenation of 6 foUowed by S°S^t 
Tl^^lTit;T''\t'^'''^^' o-forn^mido derivative (8): ^ShyMon o 

S "vmS Re^iS 'of"^th I'^^T "^'^'^^ '""^ S-N-Uthylfo'nnamido 

hSrfoUa^Jed bv ^iTt^. t il "^^^-^ Sroup with aluminum 

m^„i ^ r ^^^^^^^t chloranil and acetic anhydride pro^-ided 1-acetoxv- 

rc^?Siro;trhv'^rr''°^"'"°''."^ ^-oxidation of a ^nthVchloroper^n^ic 

^tS Z„ifi/ 7 oval of the oxido group at the 5-position by reaction with 
^« deatS of n ,1 f-»«*?^ethyl-5^imethylaminoisoquinolin;.2-oxide (13) 
W tolu^n^^r"" f r."*' *r''^***'*° hydroxymethyl group foUowed 

P-'^'^^^oyl ester. Treatment of uridine 5'.phosphate ^vith 3 gave urWine 5'! 

S^wSfl'uT^lT'^tr ""^^^^^^^^^^ ™^ labelled nTcl^otide 

I^aalm fl « ' «*"tat.on maximum of 353 nm and an emission maximum 

cJmpoun^" (13Und uS 5' T °' " ^"'P"*'^ ^l^^^^ ''^ ^^e mod" 
compouna (13) and uridme 5 -(o-dimethylaminoisoquinolin-l.yl)methylphosphate (18) 

H.s« ^eywrords— fluorescent labelling agent; fluorescent labelling of nucleotides- 5- 

?-pSSar"'Z'"^°*'"°°'^-'-^'''^^^^ ^5-*'^--; LctionS'rldine 

LSvl^hosnh.t^ ""'""^ 5'-(5-dimethylaminoisoquinolin-l-yl)! 

methyl phosphate; undine o'-(3-d.methylamino-2-oxidoisoquinolin-l-yl)meti,ylphosphate 

^JL'^"" °^ biologically important macromolecules, various 

^^^^^yi ; V 7?'°^'?" ^""^^ information on the relationship between 
s^^on!?n t^fi^H P"^^^^' -PPli^tion of fluorescence 

spectroscopy m the field of protem chemistry has been very successful." However fluores- 

a few fluorescent nucleotifles and fl uorescent labelling agents for nucleotides are known.*-"> 

f^/iMm ^•?*"«5^*''*'S-Nishimura,M.Ofa^^ Fukuoka / Ph^rm Dvn ^ 

Of X? ApriUSTT."" Annual Meeting o?ttet^r4a^'rtrcal1;c^^ ' 

Location: N12, W6, Kita-ku, Sapporo 060, Japan. 

o). G. Weber, F.W. Teale, "The Proteins," ed. by H. Neurath Vol q ior^ ji-. i> c ^ u 
4) C r"S" '° ^^'^ M^cine."Vo\.Tl5emic L«f Nr;v'^^U,'\l69"'*°*^^^^ 

H-^.^dTot.'i.JryoJS^V^,!'?, 'p" ^Hmxf G-i" Cantoni aidTR. Davies, 

6) it SoTa^&;1^iV1^H i^'^*"- C"'"'"''-. «. 1262 (1971). 

7 C H Yw InH n . r, *^ f^-J- ^°»'<J> 'B<<«^A«». Ao^-Ay*. if„. Commn., 46, 597 (1972). 

8 rw V f 'Bio^A^'*., 155, 70 (1973). ' ^ ' 
2 r« v"^ f*,^' (T'"^)' 1243 (1973). 

in r'^' 13, 3615 (1974). 

1 M?*T °- ■^«- ^^--S-. 71, 2388 (1974). 

11) N.J. Leonard and G.L. Tolman, Ann. N.Y. Acad. Sci., 1392 (1975) 
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N(CH,)t N(CH3), 



y\/X /^/^ ^\,^. 

CHN, SOaCl CHNj 



Chart 1 



We now report the preparation of a new fluorescent labelling agent, 5-dimethylamino-2- 
oxidoisoquinolin-l-yl diazomethane (3), which can react selectively with the phosphate moiety 
of nucleotides. This labelling technique should allow fluorescent labelling of the 5 '-end of 
transfer RNA's and should thus facilitate studies of nucleotides and transfer RNA!s by fluores- 
cent spectroscopy. Our present study was prompted by a recent report by Mizuno et al, that 
2-oxidoisoquinolin-l-yl diazomethane (1) could alkylate functional groups with acidic 
hydrogens, such as nitrophenol, carboxylic acid or phosphates. fhig result led us to consider 
that if this reagent were fluorescent, it could be utilized as fluorescent labelling agent for 
nucleotides. Introduction of a dimethylamino group at the 5-position of the isoquinoline 
nucleus seemed a promising approach in view of the structural similarity of 3 with the well 
known 5-dimethylaminonaphthalenesulfonyl (dansyl) group (2). 

Synthesis of 5-Dimethylainiiio-2-oxidoisoquinolin-l-yl Diazomethane (3) 

The synthetic scheme for 3 is shown in Chart 2. l-Cyano-5-nitroisoquinoline (4)^^* prepared 
from isoquinoline via three steps, was converted to l-carboxy-5-nitroisoquinoline (5) by treat- 
ment with concentrated hydrochloric acid in 93% yield, Esterification of 5 with methanol 
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m-CPBA: m-chloroperbenzoic acid 
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Chart 2 



12) Y. Mizuno, T. Endo, and T. Nakamura, /. Org, Chem., 40, 1391 (1975). 

13) E. Ochiai and S.R. Sai, Yakttgaku Zasshi, 65B, 418 (1945). 



No. 6 

■ . 1697 

in tte presence of H^SO. gave l-methoxycarbonyl-5-nitroisoquinoline (6), as crystals in 940/ 
yield. Hydrogenation of compound 6 in the presence of 50/, paUadium on charcokl as a catilvst 
at atmosphenc pressure afforded 5-an,ino-l-methoxycarbonylisoquinoIine (7), ^vhich was med 
directly for he next step without further purification. Compound 7 was treated with aT o 
mixture of formic acid aiid acetic anhydride at room temperature to give o-formamido^r. 
methoxycarbonylisoqumokne (8) in 72o/„ yield. Methylation of 8 with Sethyl iodide in the 
presence 0 sodiuin hydnde foUowed by column chromatography on silica gel. gave 5-n! 
methyl-N -fonnamido-l-methoxycarbonylisoquinoline (9) in 82% yield. Reduction of both 
the formyl and methoxycarbonyl groups of 9 with several reducing reagents such as LiAlH 
LiBH,. B,H, or NaAlH, (OCH^CH^OCH,), was unsuccessful. Howevef. the use o7 ^^7^ 
a reducing reagent gave the desired result. Thus, reaction of 9 with AlH, reduced the' fomyl 

SlZ'J^r^ i"''*''^^ ^'^ hydroxymethyl groups, respectively, to give 

5-dmiethylammo-l-hydroxymethybsoquinoline (10). A smaU amount of the ro-dihvdro 
derivative of 10 w^ also formed in this reaction. Therefore. 10 was isolated as its acetate. 
l-acetoxymethyl-S-dimethylaminoisoquinoline (11). after oxidation of the product mixture 
vnth chloranil in order to convert the 1,2-dihydro derivative to 10. . The vield of compound 

I^ITh^^'* ?M.rx>^^'"°""* °^ " from its nuclear 

magnetic resonance (NMR) spectrum, which showed the N-methvl signal at 6 2.86 and a signal 

^ImI-oh nm S fu^'^'"'^ 1-P°^'*'°" °f isoquinoline nucleus, 

^"ethvl S i 7^.P«rf°™«i by treatment with «,-chloroperbenzoic acid to give 1-acetoxv- 
S iKSITJh^ TZ^T"f ^^^^^^ (^2) in 47o/„ yield. Structural assignment 

Sat tt% nn .^ ^rTJ"" '^^''^ *° ' ^"Sgesting the introduction of N- 

t^Sv f ^^T'T absorption maxima at 1280 cm-^ and 940 cm- are charac- 

tenst^ of aromatic N^xide and aliphatic N-oxide, respectively. The selective removal of 
tn"^v: i . 5-position was carried out by treatment with carbon disulfide in methanoli*» 
^J^^^J:f.^^°''y^^^^y^-°-^''^^^^^ iU) in 70% view. The methvl 

s^al of this compound was shifted back to the original high field 6 2.89) (n the NMR spectruL 
Md the IR absorption niaximumat 940 cm-idisappeared, with that at 1280 cm-^ still remain- 
«f aSdTn chlromatographv on silica 

^88^^ SiH ^■^''°!*;y^™;l-hy^^^^^ (14) as yeLow crx^tals 

wi tir.H ""^ °' P^'^'^'"^ an aldehyde (15) which in turn. 

?S S 7;*'if:*f ""°nyl hydrazide to give a crystaUine hydraione (16) in .38% yield 
^L^f r V'""^ ^ r ^^^^^'^ diazomethane (3) could be obtained bv treat- 

Suh,L ohtr* H etho^^de foUowed by extraction with benzene. The diazomethane 

(3 thus obtained was used as its dioxane solution. Compound 3 reacted with ^-nitrobenzoic 
sS^ilenT^nTn K ^"•t^benzoate. This compound was identical with an authentic 
specunen prepared by an alternative synthesis from 10 (mixed melting point and IR spectra). 

VnJl'l^jri i='ethylamino.2K,xidoisoquinolm-l.yl)methyl^^^^^ (17) and 

undine 5 -(5-Dimethylammoisoqmnolm-l.yl)methylphosphate (18) 

treatl?l>r'^^-^"^"^ 6-diinethylamino-2-oxidoisoqiunolin-l-yl diazomethane (3) was 
wirllectronTo -P'^^^Pl^^te in aqueous solution at pH 5.0, followed by purification with 
Ka^r Ihr^rr P^P«^ *™™^tography to give 17. This compound was homogeneuos 
^SLwHrni electrophoresis. The structure was confinSed by 

^atic hydrolysis of 17 with snake venom phosphodiesterase. The product (17) was highly 

which°h!f nn* M ^^'""^^ understanding of the spectral properties of 17, compound 18, 
Which has no N-oxide group at the 2-position of the isoquinoline nucleus, was prepared b^ 

14) J.S. Wieczorek and E. Plazek, Rec. Trav. Chim., 84, 785 (1965). 
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following route. S-Dimethylamino-l-hydroxjTuethylisoquinoline (10) was phosphorylated 
with polyphosphoric acid, followed by purification with diethylaminoethyl (DEAE)-cellulose 
column chromatography. The resulting 5-dimethylaminoisoquinolin-l-yl methylphosphate was 
coupled with uridine in pyridine in the presence of 2,4,6-triisopropylbenzenesulfonyl chloride 
as a condensing agent. The product was purified by preparative paper electrophoresis. A 
small amount of contaminating 2'(3')-isomers was removed by paper chromatography. The 
product thus obtained was homogeneous in paper chromatography and paper electrophoresis. 
The structure of 18 was confirmed by enzymatic hydrolysis with snake venom phospho- 
diesterase. Compound 18 was hydrolyzed to uridine o'-phosphate and 10. 
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As can be seen in Fig. 1, the fluorescence spectra of 1-acetoxvmethyl-o-dimethvlaniino- 
isoqtunolme^-ox.de (13) as a model compound of a nucleotide est^r. in Tqueo^Soxi^ de- 
pended on the water content. Maximum fluorescence intensity of en^ission app?aredS!oo</ 

w^Toth SSIVT "'"^ r and Son mill 
were both shifted to longer wavelength with increasing water content. At the same time 

So ^ rrr,nTr*^ T '"T^^^ fluorescence intensity was 

100 m dioxane and 1 m water. These results are similar to those for other usual fluorLent 
ompoun<b. such as dansyl amino acids. UV data for 13, 14, 17 and 18 are shown in ?aSe 
:;rf^v^« * compound 14 was calculated to be 2.7 according to the method of Shugar 

and Fox."> The fluorescence spectrum of the acetylated derivative 13, which is a model com- 
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Fig. 1. Changes of the Fluorescence Intensities 
of l-Acetoxymethyl-S-dimethylaminoisoquino- 
line-2-oxide (13) in Mixtures of Dioxane and 
Water 
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Fig. 2. Fluorescence Spectrum of 1-Acetoxy- 
methyl -5 - dimethylamino - 2 - oxidoisoquinoline 
(13) 



excitation spectrum, 
emission spectrum . 
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Fig, 3. Fluorescence Spectrum of Uridine 

5'- (5- Dimethylamino -2-oxidoisoquinolin- 
l-yl)methylphosphate (17) 
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Fig. 4. Fluorescence Spectrum of Uridine 5'-(5- 
Drniethylaminoisoquinolin-l-yl) methylphosphate 



excitation spectrum, 
eniission spectrum. 



excitation spectrum, 
emission spectrum. . 



15) D. Shugar and J.J. Fox, Biochim. Biophys. Acta, 9, 199 (1952). 
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««fully in several portions to a suspension of l-carboSH nft^i^ ° concentrated sulfuric acid was added 
After refluxing for 3 hr, the solution was conLnS^te^Z'^'^T^"'"^^^ (?) (10 0 8^) « methanol (500 ml). 
TOter (200 ml) was added to the residue and the oH of th« ™ ""^^ "^""^ P'«**«re. Distflled 

He turbid mixture was extracted wftTch^J^^olm JooXsr^^^^^^^^ 

magnesium sulfate and concentrated. The r^iduT thn, • combmed extracts were dried over 

to give 6 as light-yellow needles. 10.0 gTwoM * ^6, J%T,*f ^^^^ ^''^t^te 

3.47; N. 12.06. Found: C. 56.78; H, 3 SI- N 11 7^ mT ? ?»f C„H.N,0,: C, 56.90; H. 

5-Formamido.l.meth„xycarb«;nyiiikf^^^^^^^ ». (cm-) : 1720 (C=0 . 

was dissolved in ethanol (400 ml) and hvdropInLJ^ I7~ ! '^'^^°J''-=*-'^*"^°'l">"o"n^ (6) (H S) 
5% paUadium on charcoil (3.3 g) as a ctS AfL"^w ' T^' atmospheric pressure with 

m«toe was filtered and the filtrf4 was conceS;te^ J^.^^^ °^ ^'^^^<>^ 
methoxycarbonylisoquinoline (7) was treatS^S^ ^ Z P'^"^" ^'^'^ '•^^"l*^"? 5-amino- 

80 ml) and the reaction mixture waTsSeStvTrS^htT^^'' °! ^""^ "^"^ anhydride (40 ml: 

to dryness and the residue was dissoSfn ^teT«0 S'"^^^^ V"" 

aqueous sodium carbonate to yield a iw»>c,,,Jf=fl^ v ' solution was added to saturated 

^ter After being air-dried. t^maS^^^^^lSzTf'""'^^.'^ ^'"^'^'^ 
T^g (72»/.). mp 185-187-. Anal. C^^i^C,TT^c T.^T^^TL*° ' ^ 
, H. 4.38; N. 12.43. MS m/«: 230 (M+) IR^ Jll^l'^r ?;,n^ f ' Found: C. 62.67; 

5-N.Methyl^^formylaLdo.lietl^oxySboSriii^" '^ C=0)- 
to a solution of 5-formamido-l Tn7«,«™ k T^^"'"""'"* Sodium hydride (1.36 e) was added 

(600ml).andthemixt^eT«hl;SuS^^^^^^^ ^ Js feShTTro^'^J 

tion was treated with methyl iodide (1.77 m!) anf hlt^^'n/ """^ ^^Pe^ture, the solu- 

~°r*^te<lto200mlandmUedwiths«"ag^^^ reflux again for 3 hr. The solution was 

. residue was applied to a column of silica fel Ann ^^"^ * **'*°*'"''P°^**e'J*° dryness and the 

: lie eluates were combined and concenSS' ?ie r ^"""""^ chloroform-acetone 

; and «.hexane to give 9 as coloriess needles 3 Tst ^r^o,? " '^f"^ '^'^ crystallized from ethyl acetate 
C. 63.93; H, 4.95; N. 11.47. Found: C,1r95- hIIJv"; IJf-}"^"- ^^^d for C„H.^,0,: 

l.Acetoxymethyl-5-dimethyIaminokoqSi m^i^ ^^^^^ 3-37 (xv!ck, . 

tetrahydrofuran (50ml) 17^°^^'^}^}—^°^^-''^^^) 

UAIH, (0.51 g) by reaction with concenS^d 1 h""'."'- . P^^P^'^* 

diopwBie to the solution. After stirring for l hrfl„ 1 t'^t^^hydrofuran (50 ml). was added 

2 to. Distilled water (20 ml) was StadX to the ™" T'T J"" """^^^ ^ ^-ther 

and the complex. Acetone (30 ml) w^ aS to th. t ^ ""V" '^^'^P'^ «<=«s aluminum hvdride 

lie filtote and washings werUomLne'^d SncenSttT ^^r^-^ ''""'"'"^ ""^"^ ^^'^ ^'''^'^ 
exfracted with ethyl acetate (20 ml x 3) The comWnfi ^ "-fdue was treated wth water (20 ml) and 

Mroxymethylisoquinoline (10 , were dried over ^ '"w' ""^'"^ 5-dimethvlami„o-l- 

The reaction mixture was stirred for 10 m fat d-^^g) was added. 

P;;«s„re. Acetic anhydride (10 ml) w^Tdded ^the r^^e l^f."*^ evaporated to dr>-ness under reduced 

temperature overnight. This mixture was Te^t^ iith1«1.^ .1 * T"^'^ " ^'"^' "'^ *° ^^^^d at room 

^ mixed with saturated aqueous sodium bS^JfuS^SOmr^L ..'^''^- ^'^ """"t'^ted- The oily residue 

(10 ml X 3). The chloroform extracts were dried ov!j .i? ' w ' extracted with chloroform 

£:iS^rSt^?:^L"'^X;rSS^^^^^ " (0-34 g) was treated 

Afterremovingthesolventbyevaporftion tter^diJl^- """^f^ f°r 5hr at room temperature, 

'nth ether to remove ^.-chlorobei^ic acid A^fn ? ''^^ ""^""^ ^"""""t extracted 

o^nmina (20 g), and eluted with chlorofon;-m7tS a o • 1 vM "^P*"? ^^^^ ^Ued to a column 

product were combined and concentrated tIT^Tu ' ,'^ The fractions which contained the desired 
«etone^-hexane mixture to give 12 L coloriT, IT^^""^ ? f« ^ f"'''^"* crystallized from methanol- 
<2;H,.NA: C. 60.86; H, 5.84fN! 10 U Fo^A C^^na ""P "1-173°. Anal. Calcd for 

'21 (cm-.). 1280 (a^m;tic l^K>idei 940 S-^^^ N n ^f^^ l°-»3- MS «./.: 260 (M-16). IR: 

, »-Ac.to,ymethyI.5^ethyIami;44iiliS^f 2 o^^^^^^^ " ' (^-^'^"'J- 

whtion of compound 12 (0.96 g) in meS (2otlTl„i th~~^*^° ^« ^'^'^^'^ * 

; Jlte solvent was removed under reduced w^surl L^th ^ ^O"^ 1 ^r. 

form. The solution was applied to aTolumn of T • f^*^"^ « * »™ount of chloro- 



1702 



Vol. 28 (1980) 



solvent, the residue was chromatographed on a silica gel column (10 g) with chloroform-methanol (19: 1, v/v) 
as an eluting solvent. The eluate was evaporated to dryness and the residue was crystallized from a mixture 

of acetone, ethyl acetate and n-hexane to give 14 as bright-yellow needles. 0.37 g (88%). mp 136 137» 

AnaL Calcd for C„HuN,0,: C, 66.04; H, 6.47; N, 12.84. Found: G, 66.14; H, 6.53; N, 12.89. MS mle- 
218 (M+). UV: Am„ (nm), 223 (e=22300), 241 (19900), 278 («=21000) and 320 (shoulder). AS:!!"^^ 
(nm), 223, 256, 287 and 297. 

5-Dunethylaniino-l-formylisoquinoIine-2-oxide p-Toluenesulfonyl Hydrazone (16) Selenium dioxide (38 

mg) was added to a solution of compound 14 (0.15 g) in pyridine (5 ml) and the mixture was refluxed for 5 hr. 
The solvent was evaporated off and the residue was mixed with benzene (20 ml). The insoluble material 
was removed by filtration through celite column (10 g). The filtrate containing 5-dimethylamino-l-formyl- 
isoquinoline-2-oxide (15), was treated with /^-toluenesulfonyl hydrazide (0.15 g) in benzene (50 ml), and the 
reaction mixture was allowed to stand at room temperature for 1 hr. The reaction mixture was then concen- 
trated to 20 ml to yield 16 as orange-red crystal. 0.18 g (68%). mp 126—128** (dec). Anal, Calcd for 
C„H«,N,03S: C. 59.36; H, 5.24; N, 14.57; S, 8.34. Found: C, 59.30; H, 5.19; N, 14.49; S, 8.20. IR: 
(cm-i), 1160 and 1330 (-SO,-), 1215 (aromatic N-oxide). 

Preparation of 5-Dimethylamino-2-oxidoisoquinolin-l-yl Diazomethane (3) from Compound 16 

Compound 16 (19 mg) was added to 0.1 n sodium ethoxide in ethanol (0.5 ml). The mixture was stirred 
continuously at room temperature for 30 min and then at 60*. When the spot on TLC (sUica gel, chloroform- 
methanol = 1 9 : 1 , v/v) corresponding to 16 had disappeared and a new spot was detected, the reaction mixture 
was allowed to cool to room temperature then concentrated. The residue was dissolved in a smaD volume 
of benzene. Insoluble material was removed by filtration. The filtrate was then evaporated down and the 
residue (3) was dissolved in anhydrous dioxane for use. 

5-Dime thylamino - 1 -p- nitrobenzoyloxymethylisoquinoline - 2 -oxide Method A : 5-I>'imethylamino-l. 

hydroxymethylisoquinoline (10) prepared from 11 (0.10 g) was mixed with /)-nitrobenzoyl chloride (91 mg) in 
anhydrous pyridine (5 ml). The reaction mixture was stirred at room temperature overnight then concen- 
trated. Distilled water was added to the residue, which was then evaporated down again. This process was 
repeated three times. The residue was dissolved in chloroform (20 nU) and washed with saturated aqueous 
sodium bicarbonate to remove />-nitrobenzoic acid. After washing with water, the chloroform layer was 
dried over magnesium sulfate and concentrated. The residue was dissolved in methanol (20 ml) with m- 
chloroperbenzoic acid (0.42 g) and the reaction mixture was stirred for 10 hr at room temperature. The 
solvent was removed under reduced pressure and the residue was redissolved in distilled water. The solution 
was extracted with ether to remove m-chlorobenzoic acid. The aqueous phase was evaporated to dryness 
and the residue was treated with carbon disulfide (10 ml) in methanol (10 ml). After refluxing for 1 hr, the 
solvent was removed in vacuo. The product was purified by preparative thin-layer chromatography on 
silica gel using chloroform-methanol (39: 1, v/v) as a developing solvent. The main band, which corre- 
sponded to the desired product, was cut off and eluted with acetone. The solvent was evaporated off and 
the residue was crystallized from acetone and n-hexane to give a pure crystalline material. 42 mg (28%). 
mp 172—175°. AnaL Calcd for CigH^NjOs: C, 62.12; H, 4.66; N, 11.44. Found: C, 61.98; H, 4.49; N, 
11.33. IR: I'iU (cm-i), 1720 (C=0), 1527 and 1345 (-NO.), 1275 (aromatic N-oxide). 

Method B: Compound 3 prepared from 16 (38 mg) in dioxane (10 ml) was treated with /^-nitrobenzoic 
acid (18 mg) and the reaction mixture was stirred for 3 hr at room temperature. After removal of the solvent 
by evaporation and purification of the residue by preparative thin-layer chromatography as described in 
Method A, the final residue was crystallized from acetone and «-hexane to give crystals. 12 mg (33%). 
mp 169 — 172°. This sample was identified as 5-dimethylamino-l-/)-nitrobenzoyloxymethylisoquinoline-2- 
oxide on the basis of the mixed fusion test and comparison of its IR spectrum with that of the sample obtained 
by Method A. 

Uridine 5'-(5-Dimethylamino-2-oxidoisoquinolin-l-yl)methylphosphate (17) Uridine 5'-phosphate 

(disodium salt, 9 mg) in 1 ml of distilled water, the pH of which was adjusted to 5 with hydrochloric acid, 
was added to a solution of 3 prepared from 4.8 mg of 16 in 1 ml of dioxane. The resulting clear solution was 
stirred for 20 min at room temperature and was concentrated to a small volume. This was applied to a 
Whatman 3MM paper sheet. Electrophoresis was performed in 0.05 m triethylammonium bicarbonate 
(pH 8.0) at 700 V for 1.5 hr. The main band (/?ump=0.59) corresponding to the diester w-as cut off and eluted 
with the same buffer. This product was homogeneous in thin-layer chromatography (i?/=0.53 in solvent A 
and 0.55 in solvent B), appearing as a bright yellow fiuorescent spot. UV: AJ® (nm), 244 and 267; ftS" 
(nm); 245 (shoulder) and 270. /i?," (nm); 257, 298 (shoulder) and 312 (shoulder). Compound 17 (0.88 
optical density unit at 260 nm) was digested in 100 yl of 0.05 m sodium acetate (pH 8.0) by the addition 
of snake venom phosphodiesterase (10 (ig as protein). This solution was incubated at 37** for 3 hr. After 
separation by paper electrophoresis at 700 V for 1.5 hr, the ratio of uridine 5'-phosphate to compound 14 was 
calculated from their molar extinction coefficients {e) and was found to be 1: 1.07. 

Uridine 5'-(5-DimethylaminoisoquinoUn-l-yl)methylphosphate (18) 5- Dimethylamino - 1 - hydroxy- 
methylisoquinoline (10) derived from 11 (0.45 g) was mixed with polyphosphoric acid (P2O5, 2.25 g and 85% 
phosphoric acid, 3.00 g) and the mixture was heated at 70** for 48 hr. After cooling to room temperature, 
the reaction mixture was added to water (20 ml) and the whole was heated again in a boiling water-bath 
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Se'c?an=otlTa:^ft^^^:f J^^^^^^ the .hole was stirred for 1 hr. 

The washed charcoal was suspended in a i^re^TdJtiM^i . "eutral. 
(200ml) and triethylamine (50%. Aft^ sSg thl mi^S^e il^ oV '^'"'^"^ "^"^"l 

wasremoved by ffltration through cdite and thStel^lS^iLl;^? "^"^ temperature, the charcoal 
m a smaU amount of distiUed water and the solution w;^n^H!^ * , The residue was dissolved 

cellulose (3.2 cmx 30 cm. bicarbonate fo^r Ster^J^^^^ !^ °^ diethylaminoethyl (DEAE)- 
(pH 8.0. 500 ml), elution was performed ™ h a Wr^JZ^J "n^^nf triethylammomum bicLbona4 
(pH 8.0. 1.21) to 0.3m of the^me bu%r(l 2 1) ° f 7- bicarbonate 

to 65 were combined and concentrated. Wato was aSo^h» "f*"" ^''^^^"^ 37 

triethylamine. yielding the triethylammonrum of Sil?*, f """"^ evaporated off again to remove 
0.24 g (33o/o). Paper electrophoretic moS S yoj J^TmiJ: n n^"^"'""""-'"^' "^^''^'l Phosphate. 
(pH 8.0): i?«.P=0.88. UV: A£o („m); 21 Tsi aJJ 3^ triethylammonium bicarbonat^ 

(B). The resulting ester (26 was dissolv^H in ^l' ^""-"^ye' chromatography: Rf=QM (A) 0 49 
be^nesnlfonyl c^oride (si mg trso^ution wL^;^'^ ^0 ifi^ ^ 2.l6-triisipi.;yt 
undine (33 mg was then added. After stirrinir fh. 7^J^ • ^" "^"^ temperature. Dried 

water (10 ml) was added to degrad1'^c2rr^|e„^!Tfr20 m^^^^^^^ temperature. disti^J 

residue was nMiissolved in distiUed water (1 4 mil Tinn l T ' ^^s evaporated off and the 

sheets of Whatman 3MM naner KU^^A ^ ^^Vxot of this solution was applied to thr»! 

(PH 8.0) at 700 V fo'rTs ^'^^e S §^-0^^ S"""^ ^^-^y'— niu'fbical'S 

with water. This product contained the exp^t;d 5^ih^3 ^"^ *°. ^''^^^^ ^--l el^ 

determined by paper chromatography. It Sl£„^;2h^P^^ 2'(3') -isomers in a ratio of 2: ll^ 

3 MM paper sheets. Development wL donX ^he diendL^ t . ^""^^ <=>'"""^t«'g--Phy on U-hatma^ 
(4: 1:2, v/v/v) as the solvent system, ^e product ?houla ! «-butanol-acetic acid-water 

chromatogram. The spot corr^nd^n/to /iSl so it h {Rf=0.f,0 and 0.60) on the 

hydrolysis. This com^und ^J^ZoLTeoni Zn llZ^ T^T^ ^ 5'-phosphodiester bv ez^ymatic 
l.r) and thin-layer chromatographW^/lTso ° s^ent a"^^^^^ (^»-p = 0.63. pH 8.0. 700 V orTs 
(Shoulder) and 325. A--«^(„L,; iTe a^^ 345 J- 1{= ^^^^^^^ ff T.* 250 
The resulting compound 18 wi dipestJd in n n- ^- ' (shoulder) and 326. 

mcubation mixture at the times described ab^ve and L rJ^ ' " "^ ^«'"°^-«^ the 

at 700 V for 1 hr. After 48 hr, com^^Td l^^L" eaJed '^^^^^ """^ ^'-trophoresis 

14 at any pH examined. The half-fife of con^^rnrn at dX *^^^^^^ o-phosphate and compound 

UVspectra at each pH. The values obtained were 7 12 and 2ihrT P"/;^'^„=^''="lated from the difference 
In contrast, compound 18 was found to be quitTst'lie un^e? fheS "coniiiio'n"'"-' ^" ' ""P"^^-'^- 



